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I.  SUMMARY 

Further  progress  has  been  made  on  the  construction  and  instrumenta- 
tion of  an  adiabatic  calorimeter  suitable  for  measurements  over  the  range 
15°  - 360°  K. 

A research  paper  entitled  "Studies  of  Compounds  for  Superconduc- 
tivity" has  been  published  in  the  Physical  Review  50,  115-119  (1953). 

A technical  report  containing  reprints  of  three  recent  research 
papers  has  been  completed  and  will  be  issued  shortly. 

II.  LOW-TEMPERATURE  RESEARCH 

Further  progress  has  been  made  on  the  construction  and  instrumentation 

of  the  adiabatic  calorimeter  and  the  cryostat  (to  be  used  for  the  calibra- 

1 2 

tion  of  platinum  thermometers)  mentioned  in  earlier  status  reports.  * 

This  calorimeter  is  to  be  used  to  measure  the  heat  capacities  of  rare  earth 
compounds , particularly  lanthanum  oxide  (La^O^)  and  neodymium  oxide 
(NdgO^)*  over  the  range  15°  - 360°  K. 

III.  OTHER  ACTIVITIES 

Further  x-ray  diffraction  experiments  designed  to  aid  in  the  character- 
ization of  the  cerium  earth  oxides  have  been  carried  out.  These  experi- 
ments will  be  helpful  in  the  characterization  of  the  oxides  whose  specific 
heats  will  be  measured. 

A paper  entitled  "Studies  of  Compounds  for  Superconductivity,"  by 
W.  T.  Ziegler  and  R.  A.  Young,  appeared  in  the  April  1,  1953,  issue  of  the 
Physical  Review,  Vol.  90,  p. 115-119*  A reprint  of  this  paper  is  included 
in  the  Appendix  of  this  report.  This  paper  is  based  on  a paper  presented 
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at  the  International  Conference  on  Low  Temperature  Physics,  held  at  Oxford, 
England,  in  August,  1951,  and  on  a technical  report  of  the  same  titled 


IV.  FUTURE  WORK 

Construction  and  testing  of  the  adiabatic  calorimeter  and  the  cryostat 
will  be  continued.  It  is  hoped  that  preliminary  specific  heat  measurements 
can  be  begun  shortly.  During  the  next  three  months, three  persons  (the 
director  and  two  graduate  students)  will  devote  full  time  to  this  project. 


V.  PERSONNEL 


The  following  individuals  have  been  associated  with  the  project  during 
the  period  covered  by  this  report. 


Name 
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Employment 


Dr.  W.  T.  Ziegler 
Hr.  R.  A.  Young 
Mr.  L.  H.  Morgan 
Mr.  H.  A.  McGee,  Jr. 
Mr.  7.e1vin  Levine 


Director 

Research  Associate 
Research  Assistant 
Research  Assistant 
Research  Assistant 


Half-tiae 

Part-time 

Part-time 

Full-time 

Full-time 


Messrs.  McGee  and  Levine  are  graduate  students  in  Chemical  Engineering. 


They  began  working  on  the  project  on  June  22  and  will  continue  in  a full- 


time capacity  during  the  summer  months. 
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W.  T.  Ziegler, 

Project  Director 
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A number  of  metal  carbides,  borides,  nitrides,  and  a hydride, 
in  the  form  of  powders,  have  been  examined  for  superconductivity 
down  to  1.8°K  using  a magnetic  method.  The  substances  tested 
were  TiC,  VC,  ZrC,  TaC,  \VC,  ZrB2,  NbB,,  TaBj,  WB,  MoB, 
TiBx,  ThB2,  LaN,  CeN,  NbN,  and  Lalls.u.  AH  specimens  v/crc 
characterized  by  x-ray  diffraction  methods  and,  in  most  instances, 
by  chemical  analysis.  Of  these  substance  wi;!y  NbN  gave  evidence 
for  superconductivity.  The  results  for  NbN  are  in  general  agree- 
ment with  the  work  of  others.  The  results  for  TiC  and  VC  are  in 
agreement  with  those  found  by  Meissner  et  al.t  using  an  electrical 
resistance  method,  while  those  for  TaB2,  NbBj,  WC,  and  WB 
are  in  agreement  with  observations  made  by  Matthias  and  Hulm 
using  a magnetic  method.  On  the  other  hand,  ZrC,  TaC,  WC,  and 
“zirconium  horide”  had  previously  been  observed  to  exhihit 
superconductivity  above  1.8°K  by  the  electrical  resistance 


ritthod.  The  results  for  WC  r,rid  MoB  have  recently  been  con- 
{ tried  by  Matthias  and  Hulm.  The  jubstances  ThBf,  LaN,  CcN, 
^nd  Lallt.u  had  not  previously  rcen  examined  for  supercon- 
c activity. 

Particle  size  iw  .'uremenU  were  made  on  the  carbide  and 
I oride  powders.  The  particles  wciC  large  enough  that  magnetic 
I eld  penetration  effects  should  have  caused  no  difficulty,  if  a 
penetration  depth  of  lXiO~*  cm,  observed  for  pure  metal,  is 
iissumed  to  apply  to  the  present  compounds. 

The  failure  to  observe  superconductivity  in  the  substances  ZrC, 
" jC(  WC,  and  MoB  ia  the  present  study  is  discussed  in  terms 
( f a postulated  physical  distribution  of  superconducting  impurities 
< f undetermined  composition  which  are  assumed  to  account  for 
the  superconductivity  observed  in  these  compounds  by  other 
i .westigators. 


INTRODUCTION 

THE  occurrence  of  superconductivity  in  binary 
compounds  containing  a metal  and  a 
has  been  known  for  more  than  twenty' years  as  t.  result 
of  the  extensive  work  of  Meissner  and  his  co-worl  ;ers.* 1 * *~, 
A survey  of  the  literature  has  shown  that  in  many 
instances  the  occurrence  of  superconductivity  in  com- 
pounds has  been  observed  by  studying  the  change  of 
electrical  resistance  with  temperature.  In  all  instances 
in  which  superconductivity  was  observed  by  this 
means,  the  electrical  resistance  of  the  substance  was 
found  to  decrease  with  temperature  from  roorr  tem- 
perature to  the  transition  temperature  in  the  rranner 
characteristic  of  metals.4 **6  Most  of  the  compounds  found 
to  exhibit  superconductivity  are  binary  compounds 
between  superconducting  metals  and  boron,  carbon,  01 
nitrogen,  On  the  other  hand,  the  carbides  of  tungsten 
and  the  carbides,  a boride,  and  two  nitrides  of  molyb- 
denum also  show  superconducting  behavior,  even 
though  the  pure  metals  do  not  become  superconducting 
at  the  lowest  temperature  tried  (<1°K). 

The  difficulty  of  preparing  these  compounds  in  pun 
form  has  presented  the  possibility  that  the  observee 
superconductivity  may  arise  from  superconducting 
filaments  (either  of  the  parent  metal  or  a compound* 
present  in  the  specimen  rather  than  from  the  bull: 
specimen  itself.  This  doubt  has  suggested  the  re- 
examination of  these  substances  by  means  of  magnetic 

* Carried  out  with  the  assistance  of  the  U.  S.  Office  of  Naval 
Research. 

t Based  on  a paper  presented  at  the  International  Conference 
on  Low  Temperature  Physics,  Oxford,  England,  August  22-1I8 
(1951). 

1 W.  Meissner  and  H.  Franz,  Z.  Physik  65,  30  (1930). 

1 Meissner,  Franz,  and  Westerhoff,  Ann.  Physik  (5)  13,  5: <5 
(1932). 

* Meissner,  Franz,  and  Westerhoff,  Z.  Physik  75,  521  (1932). 

4 W.  T.  Ziegler,  Research  Engr.  IX,  No.  1,  15  (1947). 

» B.  T.  Matthias  and  J.  K.  Hulm,  Phys.  Rev.  87,  799  (1952). 


methods,  since,  as  Shoenberg  has  pointed  out,®  these 
methods  should  yield  information  concerning  the  be- 
havior of  the  entire  velum*  a!  tp*  spe"'tncn;  rath*r  tuan 
>f  possible  superconducting  filaments. 

Relatively  little  work  has  been  published  on  the 
magnetic  transition  into  superconductivity  in  com- 
pounds and  in  certain  metals  which  are  difficult  to 
purify.  Titanium  specimens  of  various  purities  have 
been  reported  to  have  transition  temperatures  ranging 
from  1 13°  to  1.77° 2J*8  when  examined  by  the  electrical 
resistance  method,  wnereas  other  specimens  of  titanium 
of  high  purity,  examined  by  magnetic  methods,  have 
either  failed  to  exhibit  superconductivity  dov/u  to  1GK9 
or  exhibited  superconductivity  oniy  at  much  lower 
temperatures  (0.53°K).10  A similar  situation  has  been 
reported  for  uranium.. 4,11 

Recently  Matthias  and  Hulm, 4 in  an  **:ctansive  survey 
of  the  occurrence  of  superconductivity  hi  compound?, 
examined  by  the  magnetic  method,  have  confirmed  the 
occurrence  of  superconductivity  m a number  of  "or;  w 
pounds  in  which  it  has  previously  been  observed  us*  ^ 
the  electrical  resistance  test,  but  failed  to  find  the  ^ 
in  WC  in  which  it  bad  previously  been  observed  by  ^ 
resistance  method. 

Studies  have  been  in  progress  in  iliis  laboratOf  ^ jQt, 
some  time  to  re-examine  by  a magnetic 
method  a number  of  compounds  previously  W?  /rlfnC(j 
for  superconductivity  by  the  electrical  ref  Stance 
method.  A number  of  compounds  not  preview.^' Rested 
for  superconductivity  are  also  being  stn£  ^ 
present  paper  deals  with  the  results  of  st.ud?/s  macje  on 
fifteen  metal  carbides,  borides,  nitrides,  a.\  < a hydride. 


* D.  Shoenberg,  Nature  J59,  303  (1947). 

* W.  Meissner,  Z.  Physik  60,  181  (KdOj. 
*W.  J.  d*  Huu 1 fund  I\  M.  van  Alphen* 

Amstertfnm  M,  70  (1931). 


oc.  Acad.  Sci. 


• D.  Sboenherg,  Proc.  Cambridge  I nil.  Sue,  5t/‘  ^ /rQ4n\ 

“ J.  G.  Daunt  and  C.  Y.  Heer,  Phys.  Rev.  7ft,  !rf  S 
11  B.  B.  Goodman  and  D.  Shoenberg,  Nature  H 441  (1950) 
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Yajit.b  ; Compo.'fion  of  carbide?. 
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The  compounds  studied  v/cre:  Ti C,  VC,  ZrC,  WC,  TaC, 
UrB,,  NbB*  TaB*,  WB,  MoB,  ThBj,  TiB„  LaN,  CeN, 
NbN,  and  LaHj.45-  The  formulas  given  are  descriptive 
rather  than  exact  in  that  they  correspond,  in  general, 
to  the  major  constituents  as  identified  by  x-ray  diffrac- 
tion. 

All  materials  were  in  the  form  of  rather  fine  powders. 
They  were  examined  by  x-ray  powder  diffraction  tech- 
niques using  copper  Ka  radiation.  The  diffraction 
patterns  obtained  were  analyzed  with  die  aid  of 
published  data.  Partial  chemical  analyses  were  also 
available  for  all  compounds.  Detailed  analyses  of  the 
materials  have  been  included  in  order  to  characterize 
the  materials  studied  as  completely  possible. 

V article  size  measurement*  ween  made  on  the  carbide 
«mJ  boride  powdi  r3. 

DESORPTION  OF  COSJ.WUWTW 
A.  Metal  Carbides 

Th:  carbides  were  obtained  through  the  courtesy  of 
Dr.  F.  H,  Korn,  Research  Laboratory,  General  Electric 
Company.  They  were  prepared  by  the  Corboluy  Com- 
pany, Inc.,  which  provided  the  analyses  from  which  the 
compositions  in  column  2 of  Table  I were  calculated. 
Table  I summarizes  tire  x-ray  diffraction  results  ob- 
tained.1*"44  In  each  instance  the  major  constituent  was 
identified  by  comparison  with  the  data,  given  in  the 
reference  cited.  From  a consideration  of  die  chemical 
analyses  and  x-ray  diffraction  results  it  was  concluded 
that  none  of  the  specimens  contained  more  than  a trace 
of  free  metal.  The  tantalum  carbide  sample  appeared 
to  be  essentially  pure  TaC.  The  occurrence  of  faint  lines 
in  the  diffraction  patterns  of  t he  other  carbide  indi- 
cated the  presence  of  small  amounts  of  impurities.  Both 
vanadium  carbide  and  zirconium  carbide  deviated 
appreciably  from  the  simple  stoichiometric  fonr.utu  MC. 

B.  Meta!  Borides 

The  metal  borides,  obtained  from  Cooper  Metal- 
lurgical Associates,  Cleveland,  Ohio,  were  made  by 

•1 J.  T.  Norton  and  A.  L.  Mowry,  T.  MsUls  1,  No.  2, 133  (1949). 

u W.  Dowihl  and  VV.  Rlx,  X.  fcnWg.  n.  adlgem.  Chem.  244,  IQi 
(1940). 

» K.  Becker,  Z,  Phy»ik  51,  m (KfeW. 


dirt  ct  combination  at  high  temperatures  between  the 
fiovdered  metal  and  elemental  boron,  both  of  high 
purity.  All  specimens  were  rather  finely  divided  dark 
gray  powders.  Table  II  summarizes  the  results  of  the 
chunical  and  x-ray  diffraction  analyses. u“t 7 The  chem- 
ical analyses  were  supplied  with  the  specimens. 

The  diffraction  pattern  from  the  thorium  boride 
powder  contained  69  lines.  Of  these  the  19  strongest 
lin  could  be  assigned  to  a face-centered  cubic  structure 
having  an  a0  of  5.58db0.01A.  On  the  basis  of  the 
ch'imical  am^ysis  this  structure  has  tentatively  b<*en 
assigned  to  Thll2.  A trace  of  thorium  metal  was  present. 
Of  the  remaining  lines  a few  were  medium  faint,  the  rest 
being  faint  or  weaker.  Many  of  these  remaining  lines 
co  ild  be  accounted  for  by  the  presence  of  a small 
amount  of  ThB®,  using  the  lattice  parameter  (a0=  4.32A) 
given  by  Stackelberg  and  Neumann.1*  However,  several 
of  the  lines  expected  to  be  strongest  (as  judged  by  com- 
parison with  the  published  data11  for  CaBi)  were 
absent. 

The  x-ray  diffraction  pattern  of  the  titanium  boride 
was  compared  with  the  very  detailed  study  of  Ehrlich16 
who  investigated  the  structure  of  the  TiB,  system  over 
the  range  0^^3.  Detailed  comparison  of  the  23  lines 
obtained  for  this  material  with  the  work  of  Ehrlich 
indicated  that  the  strongest  lines  corresponded  very 
closely  with  the  pattern  given  by  Ehrlich  for  TiB* 
where  x ranged  from  2 to  2.5,  with  a somewhat  less 
satisfactory  fit  for  x over  the  entire  range  1 to  2.5. 
There  was  no  evidence  for  free  titanium. 

C.  Metal  Nitrides  and  Hydride 

The  lanthanum  and  cerium  nitrides  were  made  by 
direct  combination  at  800-900°C  between  the  rare-earth 
metal  filings  and  nitrogen  at  one  atmosphere  pressure. 
A more  detailed  description  of  preparation  and  proper- 


Table  II.  Composition  of  borides. 
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X-ray diffraction  analysis 

lated 
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x in 
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Refer- 

const!* 
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tuent 
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ence 
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Molybdenum 

099 

MoB 
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15 

Mo«B 

Mo 

Tungsten 

1.03 

WB 

Tetragonal 

15 

None 

Thorium 

2.04 

No t 

Face- 

Th 

identified 

centered 

cubic 

ThB«  (?)• 

Titanium 

0.99 

TiB, 

16 

None 

x- 2-2.5 

identified 

Niobium 

L94 

NbB, 

Hexagonal 

17 

Nb 

Zirconium 

2.35 

ZrB, 

Hexagonal 

17 

None 

identified 

Tantalum 

1.75 

TaB2 

Hexagonal 

17 

None 

identified 

• A question  mark  Implies  that  a few  lln'j  corresponding  to  the  structure 
of  this  substance  were  present. 


11  R.  Kiessling,  Acta.  Chem.  Scand.  4,  209  (1950). 

*•  P.  Ehrlich,  Z.  anorg.  Chem.  259,  1 (1949). 

17  Norton,  Blumenthal,  and  Sindeband,  J.  Metals  1,  No.  10, 
749  (1949). 

1C  M.  v.  Stackelberg  and  F.  Neumann,  Z.  phyiik.  Chem.  19B, 
314  (1932). 
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ties  of  these  materials  is  given  in  another  pla^e.19  The 
nitrides  examined  had  the  approximate  formula  LaNo  97 
(Cooper  2,  Expt.  26),  LaNo. 94  (Spedding  1,  Expt.  29), 

and  CeN  0.87- 

The  niobium  nitride20  was  prepared  by  heating  nio- 
bium metal  powder  (Fansteel,  99.9  percent  Nb)  for  4 
to  4^  hours  at  1500°C  in  pure  dry  nitrogen.  X-ray 
examination  showed  it  to  be  primarily  NbN  with  a0 
= 4.37ifc0.01  kr-units.21  A trace  of  Nb  and/or  Ta  metal 
appeared  to  be  present.  A large  number  of  faint  to  very 
faint  lines  could  not  be  identified.  These  lines  did  not 
fit  the  pattern  for  Nb2N  reported  by  Brauer.22 

The  lanthanum  hydride  was  prepared  by  direct  com- 
bination between  lanthanum  metal  filings  and  pure 
dry  hydrogen  gas  at  210-290°C.  The  method  used  was 
similar  to  that  employed  for  the  nitride.  The  product 
examined  for  superconductivity  had  the  composition 
LaH?.4*.  Muthmann  and  Kraft23  and  Rossi,24  using  a 
similar  method,  have  reported  similar  products  having 
the  approximate  formulas  LaH*  and  LaH2.4.  respec- 
tively. The  hydride  had  an  fee  lattice  with  a0=  5.625 
db0.007  kx  units  in  good  agreement  with  the  value  of 
5.62-3  kx  units  reported  by  Rossi.24 


EXPERIMENTAL  METHOD 


The  cryostat  and  measuring  apparatus  used  was 
similar  to  that  described  by  Horn  and  Ziegler.01  The 
apparatus,  the  temperatmc  scale  and  the  magnetic 
method  employed  to  detect  superconductivity  have 
been  described  elsewhere.26  Briefly,  the  apparatus  con- 
sisted of  a heavy  walled  copper  vessel  in  which  liquid 
helium  was  produced  by  the  Simon  expansion  method. 
From  the  mam  helium  reservoir  was  suspended  the 
experimental  chamber,  imo  which  helium  could  be 
condensed  at  will  by  bring'ng  low  pressure  helium  into 
contact  with  the  main  he'  um  reservoir.  The  copper 
experimental  chamber  consisted  of  two  parts,  an  upper 
section  to  which  the  thermometers  were  attached,  and 
a iower  section  in  which  the  specimens  to  be  tested  for 
superconductivity  were  located  and  on  the  outside  of 
which  the  coils  for  detecting  superconductivity  were 
wound. 

The  temperature  of  th  • experimental  chamber  was 
measured  by  means  of  a folium  gas  thermometer  cf  the 
type  described  by  Mendel  .^ohn,26  except  that  the  helium 
pressure  was  measured  D</h  by  a Bourdon  gauge  and  a 
capillary  mercury  manometer.  The  thermometer  was 


»•  R.  A.  Young  and  W.  T.  Ziegler,  J.  Am.  Chem.  Soc.  74,  5251 
(1952). 

- K This  material  was  prep  red  by  Dr.  F.  K.  Tlorr*,  General 
Electric  Co.,  Schenectady,  N Y.,  as  part  of  a cooperative  study 
on  Nb-Ta  alloys  and  their  nit  ides. 

11  F.  II.  Horn  and  W T.  Ziegler,  J.  Arn.  Chem,  Soc.  69,  2762 
(1047). 

» G.  Brauer,  Z.  Lick  troche  1.  46,  397  (1940). 

« W.  Muthmann  and  K.  Kraft,  Ann.  Chem.,  Justus  Liebigs 
325,  266  (1902). 

* A.  Rossi  Nature  133,  17?  (1934;. 

«\V.  T.  Ziegler  and  R A Young,  J.  Am  Chem.  Soc.  March, 
195L  , 

K.  Mendelssohn,  Z.  Pby^k  73,  482  (1931). 


Tapt-F  III.  Superconductivity  of  rrclal  carbides. 


Carbide 

Major 

constituent 

Transition  temp.* 
and  rangp.  °K 
This 

research  Lit. 

Method® 

TiCo  9& 

TiC 

(1.8)** 

u (?) 

R d 

(1.31) 

R» 

VCo.« 

VC 

(1.8) 

(1.33) 

K* 

ZrCn  §« 

ZrC 

(1.8) 

3.7 

R* 

3 3-4.1 

TaCo  96 

TaC 

(1.8) 

9.3,  9. 2-9.4 

R d 

7.6-9.S 

R • 

WCo  99 

wc 

(1.8) 

3 4,  2.S-4.0 

Rd 

(1.28) 

W 

‘Temperature  con  emending  to  50  percent  of  total  resistance  change  in 
transition. 

h Temperature  in  parenth_se9  means  3ubstance  not  superconducting 
down  to  thi9  temperature. 

0 R ^electrical  resistance  method,  .*./  ^ magnetic  method. 

A See  reference  i. 

• See  reference  3. 

1 See  reference  5. 


calibrated  by  using  the  boiling  points  of  hydrogen  and 
helium  and  the  triple  point  of  hydrogen  as  fixed  points. 
Gas  imperfection  was  taken  into  account  bv  making 
use  of  the  virial  coefficients  given  by  Keesom.27  The 
absolute  accuracy  of  the  temperature  scale  is  believed 
to  be  about  0.05°  in  the  range  below  5°K,  0.1°  in  the 
range  5-7°K  and  14-20°K,  and  a few  tenths  of  a degree 
in  the  range  between  7°  and  14°K. 

A cons  tan  Un  resistance  thermometer,  having  a sensi- 
tivity of  0.01  -0.02~,  aLo  Tv  as  used  to  follow  the  tem- 
perature changes  of  the  experimental  chamber. 

The  magnetic  system  used  for  detecting  supercon- 
ductivity essentially  measured  the  change  in  inductance 
produced  when  the  specimen  became  superconducting. 
This  change  in  inductance  was  measured  as  a gal- 
vanometer deflection  produced  when  the  primary 
circuit  was  momentarily  energized.  The  circuits  were 
so  arranged  that  the  galvanometer  deflection  could  be 
reduced  to  zero  at  will  by  the  suitable  adjustment  of  a 
compensating  inductance. 

The  powdered  samples  were  generally  mounted  in  a 
7 mm  o.d.  Pyrex  glass  tube,  partly  open  at  the  top  end, 
and  were  in  direct  contact  with  the  helium.  In  a few 
instances  (TiC,  VC,  LaH2.46.  CeN,  and  LaN),  the 
measurements  were  made  on  samples  in  Pyrex  capsules 
sealed  at  room  temperature  under  20  cm  Hg  pressure 
of  helium.  The  samples  had  weights  varying  from  0.7 
to  2.5  g.  and  usually  had  a length  of  20-22  mm  and  a 
diameter  of  4.5-4.9  mm. 

EXPERIMENTAL  RESULTS 

The  experimental  results  for  the  various  compounds 
tested  are  summarized  in  Tables  III  and  IV,  togethei 
with  the  results  of  ether  investigators.1  5 >28  29  In  thest 
tables  the  major  constituent  given  is  that  found  b} 

*7  W.  H.  Keesom,  Helium  (Elsevier  Publishing  Company,  Ne-  * 
York,  1942),  p.  49. 

58  J.  K.  Hulm  and  B.  T.  Matthias,  Phys.  Rev.  82,  273  (i95l). 

19  Aschermann,  Friederich,  Just!,  and  Kramer,  PhvSik.  Z.  42, 
349  (1941). 
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Table  IV.  Supercondu*  ‘"'‘y  ot  melal  borides. 


Boride 


Major 

constituent 


'jifeaniition  temp. 
>r-»d  range.  °K 

reaer**1  Lil 


Method 


MoB<;  90 

MoB 

(i«) 

(1.2b) 

WBi.o. 

WB 

<U2 

(1.28) 

ThBj.o* 

ThB2 

d.;2 

(1.26) 

(1.28; 

TiBo  09 

TiB2-2.s 

(i.^ 

NhB;  94 

NbB2 

(iD 

fl.27) 

(9.5) 

Z.rB2.j5 

TaB!  76 

ZrB2 
TaB  2 

(l.O 

■2  t O 

(L28)' 

iV/» 

M* 

Rb 

Mc 

M* 

R~ 

Ri 

Mb-d 


• See  reference  5. 
b See  reference  3 

° For  Tin*,  set  reference  5. 
d See  reference  28. 

• See  reference  29.  , 

1 For  ’’zirconium  boride,”  see  refer^cc 


x-ray  diffraction  analysis,  ^hile  the  formula  given  in 
the  first  column  of  each  tab*e  is  that  derived  from 
chemical  analysis. 

The  observations  of  supC’cottductivity  in  NbN  is  in 
general  agreement  with  the“esu^s  previously  found  by 
both  the  electrical  resistant212*’30  anc’  magnetic  induc- 
tion51-11  methods.  The  traction  was  spread  out  over 
the  range  16*°  to  14.8°K  wlth  the  midpoint  d the 
transition  at  16.0°K.  The  sensitivity  of  the  magnetic 
detection  system  was  such  the  NbN  specimen  gave 
a total  galvanometer  defl(~L  * ^ ^.2  cm  in  passing 

from  the  normal  to  the  sup^onauc.--  ^ ”ate-  On  the 
basis  of  this  and  other  measurements,  it  was  ts._ 
that  the  occurrence  of  superconductivity  could  have 
been  detected  in  a volume  ^responding  to  5-10  percent 
of  the  volume  of  the  samples  used. 

The  failure  to  observe  sV£~jerConoucdvity  in  TiC  and 
VC  is  in  agreement  wifi*  the  electrical  resistance 
measurements  of  Meissnef  ^ a C'*  avhile  the  absence 
of  superconductivity  in  Zi^~>  d aC,  and  WC  is  in  dis- 
agreement with  the  observe  tions  of  these  investigators. 
Matthias  and  Hulm,6  usitfB  a magnetic  method,  also 
found  no  evidence  of  superconductivity  in  WC  down 
to  1.28°K.  These  investigators  also  reported  that  MoB 
and  WB  failed  to  become  superconducting  down  to 
1.28°K:  in  agreement  wit?  ttie  results  of  the  present 
work. 

The  failure  to  observe  superconductivity  in  NbB2 
and  TaB2  is  in  agreement  with  the  magnetic  studies  of 
Hulm  and  Matthias.28  investigators  have  alsu 

reported  TiB2  not  to  be  » superconductor  down  to 
1.28GK.6  We  observed  a similar  result  for  a boride 
having  the  approximate  co,E'1Posh'on  TiB2_2.6.  Meissner 
d *jX  ^ observed  •*  f Lilv  icbisuincc  method 

down  to  1 26°K  in  a titanium  boride  specimen  of 
unstated  composition.  No  tiansitiori  was  observed  in 
ZrB2,  whereas  Meissner  & **•>’  Uf,ing  the  resistance 
method,  have  reported  i transition  near  3.1°K  in 
“zirconium  boride.,, 


»il  M.  Miitan,  Chern.  Revs-  19  1 1 94/y 
r Cook,  Zcmansky,  and  L*oo,,ae»  **hys.  Rev. 


79,  TC21  ( 19:0) . 


Thorium  boride,  lanthanum  and  cerium  nitrides,  and 
lanthanum  hydride  were  found  not  to  be  supercon- 
ductors down  to  1.8°K.  These  substances  have  not 
previously  been  examined  for  superconductivity. 

The  failure  to  observe  superconductivity  in  the 
lanthanum  nitrides  and  hydride  is  interesting  since  the 
transition  temperatures  of  the  two  lanthanum  metal 
specimens  used  to  prepare  the  nitrides  had  previously 
been  found  to  be  3.1°  (Cooper  2)  and  5.2°  (Spedding  1) 
while  that  used  to  prepare  the  hydride  had  a transition 
temperature  of  3 5°  (Cooper  3). 25  The  cerium  metal 
from  which  the  nitride  was  prepared  was  not  super- 
conducting dowm  to  1.8°K.32 


DISCUSSION  OF  RESULTS 


Several  reasons  for  the  failure  to  observe  supercon- 
ductivity in  those  compounds  in  which  it  had  been 
observed  by  others  suggested  themselves  One  was  that 
the  apparatus  was  not  functioning  properly,  possibly 
due  to  thermal  nonequilibrium.  However,  the  detection 
of  superconductivity  in  bulk  specimens  of  lanthanum, 
lead,  and  tin  metals,  lanthanum  filings  and  powdered 
NbN  with  the  apparatus  seemed  to  exclude  this  possi- 
bility. 

The  measurements  on  LaN,  CeN,  LaHi.io,  TiL,  and 
VC  were  made  on  samples  sealed  in  capsules  under  20 
cm  Hg  helium  pressure  at  room  temperature.  The  pos- 
sibility that  the  helium  gas  was  adsorbed  at  low  tem- 
peratures, thus  resulting  in  poor  heat  transfer,  is  not 
entirely  excluded.  Howrever,  experiments  with  lan- 
U*.  metal  filings  sealed  under  similar  conditions 

showed  ^ significant  Hysteresis  in  the  transition  at  4°K. 
In  general  ^ecimens  were  kept  below  4.2°K  for  as  long 
as  an  hour  a d below  the  lambda-point  (2.19°K)  for 
periods  ranging  * r>m  3 to  18  minutes. 

The  apparatus  w.  s further  checked  by  studying  a tin 
powder  which  consist  'd  of  sPheres  having  a size  range 
of  approximately  15  to  50  microns.35  The  powder  was 
free-flowing,  and  it  hadV  yellowish  appearance  indi- 
cating the  presence  of  sonX'  oX*de  on  *he  surface  of  the 
tin  particles.  Tests  of  thisVowder  8ave  a magneti^ 
transition  into  superconducti V**y  over  ran8e  ^.63 
to  3.4  *°K.  This  is  somewhat  i\wer  ^an  the  generaUy 
accepted  transition  temperaturX  ^ ^or  ^n* 
However,  the  calculated  maximu.v  ' field  generated  by 
the  measuring  primary  was  27  ocrsA-ds>  which  could  b 
expected  to  produce  a lowering  as  gr 

In  order  to  obtain  some  informal 
magnitude  of  held  penetration  eti?  ci  \ Li  y V 
distribution  of  tne  nrhme  and  d‘  poy/ders  v/rv? 
determined  by  measuring  micro:  \ : Uy  the  hncar 

dimensions  of  100  particles  whir  j \ d been  suitably 
dispersed  on  a glass  slide.  The  ap  e;  \ 1 ice  the  par- 
ticles of  ail  powders  examined  coild  he  described 


v rds,  which  could  1 
»rVat  as  0.15°. 

[plm  on  the  possible 
l fV  r*  yvi  ?*f  i ol e size 


n Cerium  is  apparently  not.  a supercon  luc  down  to  0.25  K. 
See  B.  B.  Goodman,  Nature  167,  111  (195  i). 

K This  materia  was  obtained  through  th  - cc  i?sy  • 

Steele  of  the  Naval  Research  Laboratory,  W „*■  '-in^ton,  D. 
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as  roughly  spherical.  The  particle  size  distribution  ob- 
served is  expressed  in  Table  V in  terms  of  the  median 
diameter,  dg , and  the  geometric  standard  deviation, 
o>34  Calculations  show  that  at  least  50  percent  of  the 
total  volume  of  all  boride  and  carbide  powders  con- 
sisted of  particles  having  diameters  greater  than  one 
micron.  It  will  be  noted  that  the  MoB,  ZrC,  and  \VC 
specimens  consisted  of  relatively  large  particles. 
Electron-microscopic  examination  of  the  TaC  powder 
showed  that  it  contained  a considerable  fraction  below 
one  micron  in  size.  Microscopic  examination  of  the  NbN 
powder  showed  that  it  was  considerably  coarser  than 
the  carbide  and  boride  powdeis,  at  least  50  percent  of 
all  particles  having  a diameter  greater  than  15  microns. 

The  field  penetration  depth  in  powders  of  alloy 
systems  such  as  the  carbides  and  borides  has  apparently 
not  been  investigated.  If  one  takes  for  the  penetration 
depth  the  rough  value  of  lX10-f  cm  observed  in 
metals,35  it  would  appear  that  the  values  oi  da  for  all 
substances  studied  was  sufficiently  large  so  that  field 
penetration  would  not  be  expected  to  play  a significant 
role  in  the  present  measurements. 

The  disagreement  between  the  results  of  the  present 
work  and  those  of  Meissner  and  co-workers1*3  regarding 
the  occurrence  cf  superconductivity  in  TaC,  WC,  and 
ZrC  might  be  explained,  as  Shnonberg6*9  has  suggested 
for  titanium  and  uranium,  by  assuming  the  presence 
of  supercon due  brig  filaments  in  Meissner’s  specimens 
of  these  carbides.  Another  possibility  is  that  the  transi- 
tion temperatures  of  our  carbide  specimens  were  lowered 
by  strain  to  a temperature  below  that  reached  in  our 
experiments  (1.8°). 36 

Hudson,37  us.ing  the  magnetic  induction  method,  has 
made  an  interesting  study  of  two  Sn  — Ge  “alloys”  con 
taining  2.3  anc  9.3  atomic  percent  of  tin,  respectively, 
in  which  the  tin  was  concentrated  along  the  grain 
boundaries.  T hese  materials  gave  a rather  broad  dia- 
magnetic transition  beginning  at  4°K.  Hudson  attrib- 
uted this  behavior  to  the  presence  of  superconducting 
filaments  of  tin.  Calculations  by  him  indicated  that 
approximately  50  percent  of  the  volume  of  the  alloy  of 
lower  tin  content  and  the  entire  volume  of  the  alloy  of 
higher  tin  content  participated  in  the  magnetic  transi- 
tion. 

In  view  of  these  observations  of  Hudson  on  the 
Sn— Ge  alloys,  it  would  appear  that  the  precise  physical 
structure  of  the  “superconducting  filaments'*’  might  be 
an  important  variable.  Thus,  if  the  filaments  are  ihread- 

•4  J.  M.  oaii i Valle,  \f icrom critics'  The  Technology  of  Pine 
Pririicle.  ? (I  it  man  Publishing  Company,  New  York,  1948), 
Chl'pr  er  3 

iL  F.  Lord  'iri.,*iuperfluids  (John  Wiley  and  Sons,  Inc.,  New  York. 

Vol.  I pi  46,89. 

'•The  cry:  tal’ite  size  may  oe  a more  important  factor  than  the 
ni'iicic  size  in  Jctermining  the  effects  ot  field  penetration  1 he 
ii 7)  *.  of  ‘be  x ray  diffraction  pattern  for  TaC  were  all  quite  diffuse 
imiir.'.ting  a small  crystallite  size;  on  the  other  hand,  those  for 
WC  ?nd  ZrC  #v;re  quite  sharp 

J-  ?>.  Hudson,  Phys.  Rev.  79,  883  (1950). 


Table  V.  Particle  size  measurements. 


Borides 

Substance  d0 * microns 

•V 

Substance 

Carbides 
d9  miciors 

Og 

Noli* 

n o 

2.0 

'rvr* 

0.8 

1 c. 

1 . \J 

ThB2 

1.1 

1.4 

Tic 

1.3 

1.9 

WB 

1.2 

1.4 

VC 

1.6 

2.1 

TaB* 

1.4 

1.5 

ZrC 

2.1 

2.4 

TiB, 

1.5 

1.6 

WC 

2.6 

2 7 

ZrB2 

1.5 

2.1 

MoB 

1.7 

1.9 

- dg  «>mcw«*ii  diameter. 

► a0  -geometric  standard  deviation. 


like,  superconductivity  might  be  observed  electrically 
but  not  magnetically.  On  the  other  hand,  if  the  supei- 
conducting  filaments  possess  a sponge-like  structure,38 
with  the  bulk  material  in  the  holes  of  the  sponge,  as  in 
the  Ge— Sn  alloy  experiments  of  Hudson,  then  both  an 
electrical  and  a magnetic  transition  might  be  observed. 
The  physical  structure  oi  such  filamentous  inclusions 
might  be  expected  to  depend  considerably  on  the 
method  of  preparation  of  the  compound  and  the  nature 
of  the  impurity. 

The  disagreement  between  the  earlier  magnetic 
results  of  Hulm  and  Matthias28  and  the  present  work 
regarding  the  superconductivity  of  MoB  appears  to 
have  been  due  to  some  such  sponge-like  distribution  of 
a superconducting  inclusion  (ivIo2B).6  A similar  ex- 
planation has  been  advanced39-41  to  account  for  the 
conflicting  magnetic  observations  of  Darby  tl  al. 42 
and  Hudson39*40  regarding  the  superconductivity  of 
PbS.43 

The  possibility  that  superconductivity  in  many 
compounds  may  be  due  to  rather  specific  amounts  of 
trace  impurities,  distributed  in  a homogeneous  manner 
through  the  bulk  material,  which  makes  possible  a 
superconducting  state  has  not  been  exluded. 
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C.  Orr  and  Dr.  J.  M.  DaUa.Va.ile  ior  assistance  in  the 
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